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intrniliifrtni? 

This module i^ the fourteenth in a series of Extension materials 

dEsigneJ to proviJc Extension agents, CerlJfieJ Crop Adviacra 
(CCAs), comrultantSnanJ producers with pertinent information 
on RLrtrient managEtriEnt issuea. To make the teaming 'activei' 
iind to provide credits to CCAs. aqu^ accompanies this module. 
In addition, realising that there are many other good information 
sources "mduding previously developed Extension materials, books, 
web siteSnand professionals in the field, we liave provided a list of 
additional resotircesand contacts for those wantir^morE in-depth 
information. This module covers a portion of Rocky Mountain CCA 
Nutrient Management CompetencyArea\TI:NLJtriEnt management 
planning. 

After reaJfng this module, the re;uJer should: 

1. Became familiar with rEcent advances in nutrient managementn 

2. Understand pros and cons of available technologies. 

3. Re cognize connections between different types of technology. 
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Innov^bcmi tlLiruig the h^i []t:4:^[]£ 

ln4:ompuKri. mlL^Cuniniunjcatj'^jni and 
udiUllt^s h;l^^ ini:r4iaht:d thi^ numlKriif 
nutntrntmiinii^nHrnl iQuli. Drixin^thtr^ 

JiTA'aftrraaMjf imJ nulntnl I'anbitnllly, 
the puiS]hil]I\' of higher _xnelLJi. iraprowd 
4|ubljt\'. and blrEcl^f trnVLrunrat;n1]il 
re^lialJUrU niquLrin^ ftsduJeJ ni^trii^nt 
ltr<u:hlng, rlinolf, <intL lu^s as Ji^sCnbEid In 
Nu/ni.'}ii MiJnilift.'TTic'nt Moduli' I:! (NM 
13K TiitlirKjlij^^^s int:lutl*^ litrcgrjplmJ 
InTbl-tTiiitiun Svi&ra^ ((lEb). thtL Gl^jbiA 
P0S]tLOnLngSysti:Tii(CPSkRtmott: StirUiing 
\R^l In-neld ^nion yiM munltLjnng 
JinJ miipj^n^ hiinJ-hiilLl LumpLilt^r^rJinJ 
^-andbttr-ratt: ItchnLJlu^" [VRT), Ofttn 
tfLhnoliJ^etiin: u9t:J ^]niu]I<Ln£iiU5l>i 
or InconJunLitLOnWithunt; AnoChiir, 
iuch iii With Pret:]S]On -^n:ultiJHi: 
iPAh AJilhthL tiit^hnultjgiti^btLume 
lEbAeXftnuve and murt us^^r-fritrndly. 
theviiTt: niortr ^ii^tE^^Klbltr ^d uic^ful lu 
P*^LK:erh. Ho^tver, not all ttchnologith 
Jirt apprOprialt (brtvti^'upfcLrJilion. 
dnU it]»]mfOrtdiitlLiuntkrstjind thi^ 





Figure L CIS La^Er? uf yicM flopL lopography 
(middlE), aad soil conductivity rboltom) 
(Prtini WcMervelt and Rcetz. :J000^ 



Figure 2. A thr^E dimensional grid 
model ^how£ N l£^-el£ ranging fram 
10-120 lb/acre (From Richter, I991J. 

ddvuntd^hdnd limLtitiunKuf t:<u:b ivi&m. 
-MtlltJurMlly, ayslEma mav tx. mlJittl and 
miikhtitLlo [it particular ^tils. bud^th. 
and rilEtlL Tht: mentn_jn (Or nL^n-mtntLL^n] 
of any prtxlucth in thU publiLaCjuntloei 
nut LJxlLLaatndorhEinitintOrlJCktif 
endursEnientofJiny iHitlcufar piquet. 

GtogmplytLJilaTniatiiiii 

QS are compLit-r iuftwart 
s\'it^m) iLL'^ti^mid (urtnHnng, iluring, 
manipulatLj^, ^ndJyZing, and diiplii^ing 
fcpalcal snJijmiatiun rMurginanJ Esi, 
IMMT). Dijtacn&nid into CIS [nclLik nut 
unlytht:^jttTjbLLly' it^,^., Nap|]lJi:il30n 
amuuntl uhnli^rvit. but til ki the 
gi^u^mphiL Luc^Ekjn ijf the attribute un tht 
i^rth's iLirftiCc. GiSCin display multiplir 
Qttnbutirx iii indi^'idual Itiwriur cumbirW 
them intuun! rniiigc ir^m 1|. 

]n additiun tu diipltiying multipLt^ 
k\vr*, CIS ain storv, CikLiUtir, and mtUtl 
iium^ntur hiituncal iliiti, Fur^^xamplc, you 
i^nent^rannuiil nitrugsn iN) appliCilLun 
r-ib:!, vitwthangtfiovtrtinu:, andcitimate 
rvtidi fur Ihi^ miyt^ru^'lng krd&un by 
i:alcLJatLn^iinpnj:<im^tt' nLrtrit^ntuh^ngi^i 
jn d\ui|abi|Lty lijrthtr Liirr^nt^'iop. li 
^LL^i'anta vliuiiLdiiplayyf appLiCtitlon 
r-ib:* yuLLiTinal^ Liie any number uf CIS 
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miJJeli (Figurt !?, at ItfCl. Om^ piirtltulariv 
LL^ful mult I fijr nLitriynt mandgtriHrnl li 
LLDL|;itdlli:j^MitLunMuJtrJ (DfM).%i'hiL:h 
rvpn:M:nt) lurfdiTtr cJtv-atiun j ^in^iL^r 
Ilnl] bJFxgrdphic mnp In ailJltLun Eu 
illLLitrdtLn^iinpliL'dtiun mlt^s, DEM^cdn be 
uitd lo mmkJ x^'tiltranJ nuliiLintizijnlt^nl, 
LLCiiLimulatiun, dnJ n^uvvnKntqLtnj&^ur 
uutirffkHils. 

Hw JiwritjCii]]abLlllLCiofOJ^mLiki^ 
itiLpptialinj^ buE<i li^xv Cun jJiLtr^liun^ 
art nL!L"esiiir\' burftjre uiingil. Thtrt li 
^rwfdllyii muntQr^ anvviCnicnl (.^nVwr^' 
J."J GlSi^jftwartlTJt-WindcWiiiEibtjQl 
Sl,lULllnJLinii£iO'2UU4iJul|LLri),and 
It^rnir^ ntxv tLiihnulugit^S injuiTTi a 
timeiiumnutmcint Hl^vuwi j numbtr 
of IrKM^n&iw jnJ uik^r-EritriJIy Inb=!mir1 
L\juruf ami tujki <in^ ti^^iliiblc I^l: 
AppcnJiJi, p, 11], 

6Lttt3i PoiUoNQg mm <GP9 

GPSuh^hUliillite: signets tuc^lcufH^lx 
Ubtixk. lun^itudt:, dnJtli^Vn^tiOrL Tht: 
Ua. DiJpiirtJTitnJufLkrIensL: ([]uD][s!Sin 
dti^tl^JLiLngthi^ syKltfm m tht; ti^rly lIlSEhs. 
zirulitWfiitXininlt^Eiiilin Mf^, GPS was 
uThginallycnL^ti^d ^ nuLl^iRi mi^lgibc^. 
butlhi: frymmuflvi'trnt^'-fouK iatt^fliBij 
hdhdlv;;;^^ bE:t;n.ivj]r^ble kvr Iht: gtntLrJj] 
public. Due lui:ivilLJin pmisum in^IUUU 

R#dltimE df^EiEr^'alGPS 




Figure 3. With real-lime DGPS, 
both ^alelLiEe^ ajid a ^btionai^ 
receiver trmi^Qiil ^ignal^ Id the 
mov'iDg receiver, correcliag for 
atoiospheric or other interfere Dce 
(From Morgan and E^Sh 1997). 




Figure 4. GPS satellites can be simultBDeoufly ufed 
for multiple applications^ This image showf only odc 
of four satellites needed for accurate locations {From 
Morgtm and Ess. 1997). 



Ihe DoD alio 
dis^:untinutrd 
'Sirkctfw 

A^'ljll[jbllJh' ' ur 
the jnttnbunal 
^fiiniblLngijf 
iign^li l^du^ga^ and 
Esi. lyyTKEmjri 
iuchaiSt^ltrcll^n^ 
A\'L]iLabibl^'anil 
aCmuspbtrni: 
inttrlvnrnce led 
tulht ^ruiliun 
uf^Diffcriintial 
Corrttlujn' 

PrtxlLn:crs 
alnKHltMiluilwly 
uStrDiffirrtrnUfll CPS 
(DCPS) beCQLiitJl 
11 mon: isccuriile 
rgi^rmrLjlly^vLthLn 
alxiLitumr >'iinli 
thiinCPa^'ithuul 
ajrTti:lHjn(>lU 
jurxis). Huw^wr 
TVieamhyrJ and 
pruduLirr^ 4irtj 
btfiinning ttjfind 
greattriiiicLiTtiti^ 
^'|[h unCurrtiLiirJ 
GPa. Unt Stud^ 
yfbuth wheal iml 



tt^ in \ nrfd fotr 
>iforfiPSloffoih'? 

GPS Kt:x;iLi\tLrt ust a prlnc^iple 

Emailed 'triliffiratLOni' IVilaliLriilitjn 
d£leniun&Li thtipONLtiunuf^niibFE^l 
b>' rati suring its dihlzntit fruni other 
djbjiicts with knCAvh loiatiuns. A GPS 
rttiiUverdeliLTnuntLMthdistinCEi £rotn 
aKaUlllbL b>- Lining Ih^brDt: ilUlois 
lor a Kl^rallotravt^tfroni thii^lfllitE^ 
totht rttiiiivttr.lf^ULLknuwyDur 
dJElziwefroraure^abLlFitE^, iHXi(!uuld 
tt: ani'whertuna iphi^rt sorrOLintkjTg 

t]llt!ul£lllttUhil-Ult[llltL ^^.ittl^ 

citinliir uf IhiL -iphtire}. IFyouiidd 
dlskrwii Inlormabun from a seojnd 
utt:tlilii-yt^uniirF^Ai'>ouj-LjcaUorLlo 
tbtr inlEKfetltLOnof the h^tiiphtniS 
arounJ ttujKL: bdtt:tlLliiy .^diliunuf 
athifd hpluiniLjcalcKyuuiitODBOf 
ttt'OpjintS- \ rbuftli titi^lbtE ni^nzil 
elinrinattiunt: of thuat: t^vo puinta. 
gLviDg)^^u^ tlunfkkntkxldht^nr Many 
GPSniCtii^ricmreiid uplotwtlwi 
utetllUvaimijn^ saEiillElehare hho^h 
tiQyULir rtceL^tr. Ihtr at:4:uraty tjfyuur 
pLihitlon int:rt:<iwt (.^apGid from 
www. Lnunlnna.tidu^aCt h/gpt). 
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Q&A*2 

Wbat u the 

Light tr^vfih In th&^ lurm uf 

UfflvfiS.^JTtl*i4^bMjniaenetlc*LntLTay, 
Tht tlk^tltKOmaHn^^lH; spttltrum 
Kthi.^ CuntLnLiumuf tliQ^n^Eit 
ten^sufentfc^', rJingiTig from 

i^ijbkwavtlEin^tJirt rtia bluffy 
short wil^^s, and Ik ntartht 
gummn r^i)' pah^tof the sfPELirtruiiL 

Ihttn^VdrlatLOnofvlhihlt 
rav* <^'S' rtti light Is longt^r 
thanviultltllghlf. Lcngtlf thin 
viilbltwavtltingthi^mr ^tnfT^irtLJ 
ra^i', whjt:har^^ gent mllyuH^^tl 
^htbLlt^clEingdLfrertrwtLriinplanU 
lind st^il^ (^ydpttil fmni WhVhV.niLlti- 
xlcn:^[0n.niL^5t^UrL t^duf. 



fXJiitujni ng d iffLrt rWt 
bthv^enCHSdndUUPS 
oF^buut t^vu^iiRli 
(Shannunct£iL3UU3K 
>vl during [Kritxls uf 

I ncn^^ J d tmuiplwrlc 
error thiidlrJi^ryrt:*; 
\vuLild]Lki:lvbegn;ater 
A ii4!unJ iCud)' ftjund 
anB&"ij i^umrltiliun 
btt^viitn yitid miips 
crMltd with GPS 
andDGPSsj'styms, 
ii^gtiling that (JPS 
withLiuliiuriLiitiun 

II bticumlr^ J vinblt 
uptiun ai ti^chnu|Lg_v 
impnjwi (Mulinand 
Gimtnta. !!UU!!). 

TIk pufi:nllal 
apptiCiliuniofCPKln 
nutritrnt tTiiini^-mi=!nt 
are tAttiniiW.AtiPS 
unilcan bd 4iniiLhi=!d 
tua vtrhi^Ur and uiiiJ 
HjrgLudiinL:!^. Ihi^r^b^ 



REMOTE SEtlEING 
EATELLirE 




EARTH 



F^ure 5. The Eartb r£l1ects a portion of the 
incoming £Dl3r r^uliatioDH which \s ihea recorded by 
aRS^alellitE (From Morgan and E^jt 1997). 
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LfllmlnatjngowrlLipi and (klpi of nutrients 
uruthtr inputi, Th]* li parliLLiliirly 
htnLifiiriiil ^'htin using largt yiiujpmtint. 
CPKalstjenabltis iampltrguf iuiJ and 
i:rup) Intht! ir^^l Umi: loc^tiunuv^r ttnit, 
fticiktiting minigirnitrnlofi pdrtuiular 
aR:a th^t has uiurt^i&iw ur limi&d niitTEtinti. 
Listly. CPS Ji ^ssintlal LnipplyLJ^othk^r 
lixhnulLgii^i (dli4.uiSbjd Ulirrf und isi ufti^n 
Lisud simultarxuLisly un itji't^fdl pici^tul' 

yL|UJpmt^nt (PigQJV -1, I^VIOLil ]HgLL 

Unii Jr^iwha^kv^LthtiPSjj. Saltltate 
i:uhtri^'; if Ihe CPH Ttarlwrih_ttn'tpjVk 
upiitluaK^r mtuLhti^itt^&^A'l, pn^yiuud 
]^gt!l, tht^ndLirunu:)' Li irunipruniLiiid ur 
Q Signal ^von't \x rLiLLgni^ud. ^]gna] [u^i 
uftt!ntx\"uriwJth Wgtlation inttrfcrenc*;, 
jn nil^rL^^' Cin^'uns, and in thy prtiitin':^^ of 
L£XCi:tiLvti irlectrunugnrli^ radtiitlon (t^.g,, ii 
micrtwaw tranimlHIngilillonf. Dutag^Lpi 
rtiiultwht^n iign^ls ard iLr&t, ivtui^h Lu^'tiri 
ijLdtiic[u:ilityH 

Rmnfe Sensing (R^ 

HSin^-olvCl^thtf ring information 
for an drta Erom renHjte 'ptatFormh' auch 
ahi^Hllibisuriirplaniiy Tlv Rb biittirhEi; 
lyitemusesrtfktittdtmi^ turtiiord 
imagei (FlgLirtr 51. "Electromiigni^tn: 
Eni;rgi^"i[grfii1h IQti.^^]^: F^uftr tl^irt 
itturdtd into a strtamof niirnttirs 
which Lanbt: sdnttuEdrthvUi biittitlLffiJ 
dishet artl reconsb-Ltltd to fbrni djgilil 
urdkclronicimagei (Mur^n^nd E^s, 
iHii7\, Alrpbrn; pUlforroj n^ly atiO uSt the 
t!lt!i:trOmiigntLbc J[S!t:truni or mai' niturd 
]raagei With devJc^LK iimUartd nigul^ 
caratr^ii. Niigifdiets cf hav the imiigtsart 
tttordtd. thiyalhintiLd to be prultiis^^d, 
anal i'Kiid, ttnd dunflrroed vUi aground 
lnith]ng' GfULind truthirg H vtriflLation 
izrfdaUJitli^uf^Cy b\' [itild Ln^tli^tigahc^n Au^h 
iJsi^onfirmatiijnoflLW produtljun areas 
ttlnin in HS imagfen'. 

Thtini art Ji number of If SJippkiiatmnS 
forrtiiarclTtrittndprctlLH^tirs. For 
KiumiplEi/v'egt^latLCNnirtlnitis' H/K.^'3f 
comrart: two or murt tiktitfumagntitti: 
wijv't^ltingthi^EOiitsE^Dh Au^h v-iruibletai 
plantlilMimiii.urgiSnitlnuHtr. plant hlr*i«i 
and Lanup>' blOmlaK:^ (Morgan and E^s, 
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Figure S. R5 measuTE^ rcffcctBiice 
of th^^ ^l^clromaguetic spectrum 
both iodide and outside the vE^ibLe 
langet aud sometimes u^es multipEc 
bauds for comparison {From http: 
//muexte ns iou ^mis s our i .ed u/) . 

]t^£^7; Lubu* et aL. :;"":r} Orer irltiimple H 
^ND\T (Nurnifllizyti DifUninCL! VVi&^latujn 
IfykKi, ^^hlch i^a niliu uf [nEmn! J unJ 
rvJ w^vti u^d EuiL^brrminir bjunuLii. A 
Muntnna grdiing MLidy &jund kvn &jni^ 
biiJtru^SanJNDM vilui:^ tu tc^vll 
LlutTi^liihrJ, but NUM w<i^ nutdS guuil a 
pnrJjCturLif^NlnbiumLisHF^urt 7}. 

rvpeibrJJvuvi^rfl s^iii^jn lij JiknCilj' Crup 



ptrii:irmi3ni:ir andyiirlJi. A 

bLirlcyanMuntini Sjund 

in b! jtitniilir^ rv^lunnJ ur 
ftLrrn-ii:iilL! yit^Ld utthirirrv] 
uftht^ firLwing krasun, but 
k*s tiffcctivx in iJtnlifyjng 
u^rLy-H:[j5L>n yjclJ i^itnule» 
iLubuittaL^UUL'KAn 
JiiUllliuniiJ MunUina iCtiJy 
^uLiii^ifttully iiJt^nhEuil nu-t|LI 
fjtrlils with RS Itni^rry s^'|Ih 
y5'^f] acturiity (Fagunr S, ntiLt 

TtieiinplltatLunolRSlo 
nutrient truini^^nit^nl hn^ 
btirn Sio^du^ tCiirXlKn^, 
lung diiUi JelLwr^' timu, 
in:iil^4|UiiR fvj]e4ili:LFivriigt, 
jurying ^pdtid I nr^lutmn, 
and unCirrQIntyuCwhat 
nutrienELi llmiEiiiJuf In 
tjiurL^sft 4Niit^undl ki^5i^an:h 
CuurKiL 1W7K Pro|i4i|uniil 
inui^ pruC^Silf^ii Hn 
tJi^nliaL itep In using RSi 
thii niiiy Qkf up tu levural 
wtjcki 4ind cdn bir i^uitiyn 
CLoud Lntcrfirrvnct! aImj 
T^iuLlimdiitigi^pS.sihkh 
II pnjbltitniitlL: ^vLlh highly 
^■arliiblir ^jII and plant 



Q&A#3 

Hdlcei w«fh? 

GKl?n1t:a^t:!lc:oh1am 
Uifc phLituiynthi^bc iiigmtlfit 
tlilorophyJI i^, whjch l^ 
itrtinglj-abSGrbed by reJ 
light (intht: vlmWe part 
cifthi! etckiU^imagntitw^ 
iptLltrutiil. Convtrriiily. 
ntar-uifraTtid bghttrittitir 
lia hiiii through UT is 
te&LLil^dby li\t^ leiivev 
ThtKCbni. artras tjf t^ttlti or 
noplintLtiv-iirwIllaiipeaT 
itmiliir [n both Wave lergths, 
whJli^ areas L]t;nKL\i-]th 
gn»nv^getit]unwL[] te 
reftLLittid brightly i^'ith 
mai-Liifranid v^a^-1^9 and wiU 
appear ddrkvjLth red wavi^N. 
Thirst: dUferenCES in ^hade^ 
anLJLiQluFsartr ubeJlu 
pulenliallj' LrdiCate iMfcrEDt 
LirDpi and/or nulntSDt 
Itivtrls lAdaplEid rrom httpi 
/Av\vw.u5Wt:l ari.dg t!i^'^ipd/ 
reraiin/viA'I W Ji k t-htm ) . 
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MSR-ie NDUI MSR-16 NDVI 

F^ure T. NDVI values correspond to li\'e biomass. but are unable to Endicate % N in live 
biomasf in one I^onlana stud^i (From Thoma. 19dS)- 
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Fjgurr: 8. A RS image showing ^ckctcd HI) (boM while) 
and no-tiU [dash^) tkltU ^Fiom Brklrkiae^'er ctaL, 
2002). 
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F^ure 9. Effect of N rale on chloiDphyll mclcr 
TtAding and y>cL(] for in-igiLlecl com 
(From Havlin el al.. 1999}. 



pnjptrtLOi.AiWLlionallv, becaun: a number 
ufiJlfli^n^ntLlijnUitLunS ^^itist Cnlipi tu 
iihingy i:tjlur(A'J4i^lindjVfl?y),L:iijtLunii 
neL!iJi=!Jwhtjn u&lj^ RStudcti^Lt nulrLtint 
dL!nL:iencit!i. 

Monilonng. and Mapping 

ChlurCiphvll niileri mdy tt! ustd to 
dNf^is CFCjp FJ hbitui. Sinctilt:<irchlOFOpliylL 
ConttnlihrelatttlluN nutrition las 
wtll ^& Olhtir Ruliienlil. miuhunng 
chlorophyll Can s^\^ jn InJltliition of 
fi prtiinl m a crop and pofcubal yltld 
iFisuKt:*^]. GncitiiJOrTtlalionhiifsrtJi 
LHtihiLlhEtl ttlHtdna chluruphytl roEiter 
rtisdingaFid yitltl, NcuutJ bt toixIrthMld if 
chlorophyll sitniiJEclLiate, AprL?b1dniwth 
chiorCTihyll mittj-i tiChaJ pLnpuLirtLrg 
ipecifictkliL^iunCEtrhihilifTcLjlL Lhan^i 
]n LlilorophyJI tdn ix C-iuaEtt by j nunittr 
oftiontlitiona lA^Jj-MnJjVAi tf) EuChtise 
mEbirsart ttifituitiJQnlyas potenbiil 
jnJlt::iK*sof JeifciEinirLt^. Pldntlihiut: 
thoLild tt Ulttlil liiConfirm N amounl^Or 
[lomp^reduiilhcyiarL^ thdt is kno^^'nlo bt 
ddt:crLi^telyrertLlkZi:d(Qf^A'4,atri0it). 

^Elticlrical c:onL]ixl3VLl5"" iEC], or 
tht 4:apa4;LE^- of hjtl tu cufduj.! eltictr h:a! 
CuTKfint. is hjglily mfluL^nCtiti by ^lI ttsturt 
iLLindEtal . :!1)1)1). Soil kxluni siLnCurn 
[^orrelLittd lii N aLTiviJy ant! nn_K^ni£nt 
In ^l], hore^drchi^rband prLduCE^rS 
dni iFiCrtidiir^Fy tLXptonnglhi: ust: of EC 
nhLtt:rh luinhirN ntLE^Js and applidbon 
ralii^. Ure lEudy iistd RLI mtterh in 
ddditionlo topi^iiiphy. yjeld maps, and 
HS to Idtinbfj" low NsLffianJ Chin apply tJ 
i[lE-spfcLCL(fcally|LundEital.. Ufifill. WTr^n 
Compared Eo ti^dlboniil singk a ppl Ligation 
raliih. the niiw liiCtinod::^' in^rtast^d grain 
yield b\' lL*fi artl prottlln by U.fi^k This 
Jllusb-ates that although EC ratltri do not 
directly mtiaiurttJ.thiy art use: (ulwhiin 
uSEld en Conjunction^ I Ihbl iuitt ofothtr 
liichnultjgici. 

Stlnaorbthal iTicariurt: sod moistuni 
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canLil&obcuUiJloeihnialL'ULl ti^Jtlun^, 

\^'hii:h II rvliib'iJ tu wjil prLJmrtuity 
nutrient trJinipurt, ami putentmll^ uJE 
Ttnpd4:tun iiJtiJ. Thtirt! iirtr manyt^'pti 
of soil muiitun! ik^niun LL\^jl4ib]e Ihttp: 
/AL4,prtJiicrwsu.i;iJLL) /i&un, JLittirmTnTng 
whL^tlxTEi Jirn^jfurmcttr js apprupriatt 
and ^:ijst-yffri:livv iur yuur ufertiliun i& 
critLJ:al befijn^ purnhiiJij^- 

)^ F1aiinoRi>& ^}^^^ Wsp^Wr 

Yield Tra3nilciriL"dnLiEIichtui:um bints 
Ortunvvvurs Ilj nn^iiuiv grtjnyLtJd 
and grjjn mtjistufe frijni ipeiiltiL: iirvis 
in the fuHd. \]id[\l mapji visually di 5 pliy 
Uati i^thtrrtiJ frum munituri (Mur^n 
and Ess. 1997}. VieJd monitoring anj 
nidpplr^ [Jenlify In-fWId VtLrLLibun& jn 
ytciil, fULilllUillj^lhL' iLibiiTLjLxrnl Wtir'i 
ilti=!-5;KCific applii^citiunurnutncnti. Vll^IiI 
m^tnituf uitj LtxvLik&pnrdd (Figure lU}. 
[\irlJv btri^uiL! ^XpJiJtingyLirJdiUilii i^iin 
n:v^J reL^Qun^hLpi in nutriirnl^. 5o|l tyi^s, 
OriJlhLTfiiLitijri Ihal affiriit pnjJLurlaun 
iMurgindndEsi 11W7K Vitld mumtur 
Licturity liCuntinLilngtLPjtTipnjW iisw*:il^ 
AnlOhVti HLidi'LunipiirirJ yiirld munjtur 
mtiiurirnjL'nli lu an eltirtrunLii n^altr. and 
iTJunJ yield mt^diurirmt^nl djffrn^m^i:* tu 
rangt frum -%t\j ii% lArsltiniind L'olvtn, 
3UU2). Vitild tTiunituriiizoraL:)' Lmpruvud 
wittii^librdtKjn, LunstintizumbLne i[xed, 
And lungt^r leil pJuE^H 

HoD^HoD (ttffinst) 

McibUE^ Q-inintJEiin at-t thi^ nt:^^it 
nutrient nUiniigrnn^ntlLthnn^lugi^. 
H^nJheld iJumputi^fb Etuft^ i^nd ^Ltplay 
datdtti^ jnfurnutiiin, miLps. ^nd GHS 
pcslb'tinJi. AJvjnUgtiH of thtist sysli^Fiu art 
IhiaTj'OuLhinviL^vj existing JaU in Iht: tiel[]. 
aeL:e5i Iht: Internet via wLrtltrai Itctu^jlugy, 
mt^dE Lire distinct: art^d, dnd be^nr^, 
direetly [nputand diAvnlc^d (Uililititi 
intoalisr^rt:ompuler. dju! vJfcLw SiilillitE 
imdgtry dnd Cili inlbmiatlon while in the 
fitild. KoreXdrnplL^. Ln-fv^LiI kjLI nutrjfclnl 
lE5lMjrehlu*\jphyll mi^&r tne^Auretnenta 
diJLild te Input, eompiarcd topreVLOubly 
E^stibll^hed A^rtlLi^r n^eumm^mbti^n^. 
zind appLiCiihOn i^c^ld uccur un tlnL Uhk 



day An aJJltonat ijptlon 
^'llh hanJ-held ^^umpLib^rS 
II uiir^ii itruiil, 
purlnble printer ttutcan 
autumn [LiT J lly pnni ditii 
ItLvvrft ur uthur Jb^ain^d 
inHjcmiiliun. 

Vdriible-ftat^ 
Tti;hnu]Lei'(VRr)Lil]cw's 
prijJucer^ tu ipaEiiilty 
Vtin'iippJLJjatLun nit^iuf 
inpuli Such Jh nLitriunti. 
Ivrlllizeri, iinilu^eJ. 
ElliluricaLly. inleniivt^ 
soil SLLinpLlr^ha^ been 
ntf^:t4sarj' tudeltrmint 
appli^tiun r^bri iLungt^t 
aLi'UUJKHtwevKr, thii 
tin tt expensive whirn 
^umpiiniJ lus^ntrriiJ enjp 
^lutft In Montiinii and 
Wyumlng. HeHjanihurs 
and pruduCirr i iirv initea J 
i^xpluring VRT iLppliedtuni 
and wa^'i of making thtr 
ti!i:hnu]Lg_v Ib^S&e^LfkrniliC, 



a&A*4 

How do I mfreasv 
^t pitfeaMlili Ihal 

BUCUlttOlbllDIE^In 

is rtfl?(1mg Mfivrii 

Sinn Chlon^pKyll JniJicatei 
othtr prOpi^rtit» tn jJJJtiun 
toNItiviils, It tiimixHtant 
toiiolau what ifkiLiiri^Jly ]i 
caui|ngLJlfft^n^nL:i=!i incuLi-ff; 
Tbmininiiit Ihir yflT^iiitif 
pru[KrtlL!i LjlJxr than N, j-uu 
Lani^jtabll&hd inuJI mEi^n^nCt! 
an^ Chat has txi^nddi^iiuattily 
ftttillSfcJwIthN.Tbjnj-uu 
cancumpiinr muttirrtadtrfis 
b^tvi'tit^n this dnid dnJ utivr 
aniai whert j'ull don't fcntM If 
Nii suffifiEntl.^ilapttdfn^m 
http|y^t'^t'^^^u^J.Mni .edu/f . 
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FJgurE 10- Growth of yield momlors in the Uoiled 
Slater ^hows increasing interest in technokigLes 
(FromFixeu, 2002). 
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ThfiTfi an; twotypts of VltT Jy lb-mi: 

mlip-hN3&t!iJ QnJ it^nlur-biilirJ. ^d^p-bllli:LJ 
VKT systems aalir^tiippljcdQun mri^di bj' 
using a tTiiipi:n:a[t^J fruni yiM gual), fit^lil 
hLitotyHiinJfklJLihdrdLiuriillLj. AOPS 

uruttLmltiilLilutici^^uf ilmlrtiiJ Jippllc^tiun 
rib:! aiv attuzbirJ lua vthii^lt, anJ Ihirlt 
iVibimiTtiiiJ" a mapluiklyrniinL! vthiLk 
pjiLliun UnJ^'hcn! niilJiLint^ itiLpLiM bd 

4tnaChtovi:hiL:|i:i. butUifitrfrum map- 
biili:J fy&ltnil in thul Khi^f li^sitnutrJtjnt 
v-ai1<ibiJLt\ anil d[?p|^ nuIncnCi si'lthuul 
previuLillygallwriiJibfd (Murginani Eii, 

Thtn iinr burnirlili iinil LinilUitliJni 
lubiHhtiPLiulVRT. Apjtuntal htnt^til 
ol ni^p-bii^ J iyitt^mi lidt^brrminlr^ 

appluzatLun ra&* prlorlugc^ng anlu 
IhefWM.rhL^htLpiLmijn. Ihiillhirv 
wlJL be b^nuL^ pruJui^t, and If tin: rv an: 
4iny L^urWirrnl nhuutthc rtcuninit^ndtid 
r(il£iH theycanlK uddrt^^J bulbrti 
appJu^tLun (N^Lliunlt] Rck-jrizh Cc^uncJ], 

I ftftTK Ailhuugh liniL! tttv^"irt:ngathL!nng 
ibQ iinil 4ippljCAt]un i^n bd d ^Knt^fit 
lti:iinalii>be prublb^tniiliL: btitim^ xjil 
Cundincnl Ui^ti d j hiIiliIi^ ^nJ ilaI 
rnmltut^' LLJiibrnCl clur^. jnJ mdy 

be signifindnUy Jiftirrirnl b^' Iht timt 
iippllj:atLunLu:uri. ^dtLp-bllHrlJ ^ylbrni^ 
4iijuiJ^' a llmili^d nLimbcrul lUmpl^t ami 
tiLtrd[xj|iilt^ Uatii iLJuntirL! fit;|dsur drtaiuf 
iVIJi. iLKhiji ipLLLlV kjtl t^'pev Thiinin 
pub-ntidlly Result In a mLirtpreitnlatiun 
ijf v'iirLLibJtr IVIJ i:uniJj[lun5 JnuriLcrEu 
itunj n^e^ftitin'ibQ, aOPSdnJu^Li^lly 
CIS sufEw^rv 11 nrifucniJ luuii^ <i mnp- 
biilcJ ly^ltni, Jni!untr:i^t, it^n^r-bii^^J 
i>^temiilunlrt^[rtGPSurCIS, iinil 
iinCir Ihtry tnealuR^ nLitid and apply pfuJunt 
ilmulbiniruuil^, ihty HtV niun: JiktJ^' 
lu imiurpuniU Ihir i:urjvi:t nulriirntijr 
prixlLKt amuunt thiin [i map-bu^il iyittim 
Mo^vevKr, itn^^Jr-biiiiid iyittmiiiftr unablir 
lii&lure fit^Ld ninplur tuituni^iil datd. whii!h 

II l1 JimltdtLun LlyuLiVi'antli.^u^^ addltiurul 
ih\jA ^4ippljc:it]un. Sirn^jr-bd^dd i^-^ttinij 
ah\j iKLiil tu tk^ iialibratifd ur L:um:l^b:d 



with L^ruprtiponie, whisrMS map-bfliiid 
^yitem^cdn usti cunrnli^alibrtitrundLirvts, 

ftySt^irchiTUfiLeniLngtht! tflxittiwrkrH 
uf\7<rhds ttt^n uj^Lj^iil Iht Wurttn^rn 
iLgriCulturdl lfuiuin:h Ccnbnn Hirffi 
<br tJx ;vildtr^:4idtr, AMLidyironipiinng 
&Lli^-ipcLLlV vvr&u5 unLtbrni N dpplLi^QtLon 
itiLA^'i pnjmckr uf impnjwd unifLHrtriLtj'ur 
grain LjUiiJiCy wjth ithj-ipecTLfk applL4:LLtLun 
[Dan Lung, [xriuniiJ LumtriLiniLriiliunjH 
Hi=!St^iirch his shiAvnthdt pruftUibilLtyof 
ftLli^-ipcLLlV LipplLi^iCLundcpirndtun kill 
mm&turi!, nUiriutcunditiuniH tnr4itmt^nt 
i:oit), ttib! Hiionumi^ stutLii uf thi^ ftimi, iinci 
dit If xbrnE ijf N iVId net^ds, Cuntinoing 
duv^lupmtintur grain prut^ln st^niir^ 
lixhnulLgr^ twill hcjrtEiJlly nuiktr utti- 
^ftiiitiL N ipplTiiitiOn murt prnfiUblti, 

PTfflilon ^grlfuKwe 

Precision .^rlcuthirt <PA1 K tim 
miandgtiint^nturtield v^iLrt^bUih'Hn 
imprest: sJi^onunin: rttLirns and rtduCE 
fcST^^■l^u^^ll^ntil imi^LE (Ndtiunisl Rt&taivh 
COQTPi^ll, 1H97]. It has alwiiVs ttliln knOrt'n 
Ihntin-ftjld vi^rLi^binnof vitild puttnliat 
dnd ijUiiliU-. nuCrjdnU, waUr, And uUi 
^^tits. but IhfcL liit^hnolca' Ki IdtLnb^ 
^ind niijnijgt: ^■'jri^bLlity pnii^lsdry h-as niA 
rtddilyavjiEdbltunblHttarly ly^Oi 
iWtiltrwItjnd RstH, :!1)1)1)). VRT^nJ 
yjcld nicjnittiring/mappirgire J[s!i;ific: 
ippllcations ofPA; ftiwi^vtrr. ill crfthi! 
previ4:iUSlydth:usht:dl£Chnul^Lt!h4^ajil:£ 
uSEld tn E^A. tithtrr Indtpcndenllvur In 
c:unjurpi;l3unw]tli one another (Wi^itt:rv4£lt 
;md]{t:tilz, l^ODD; Morgan and Eshr MF7^ 
With thi: lai-gt:ra]iFkul1uraLupi£rJ^tiOnh1hii1 
uxL^ttxI^y. in-^^ld iTiridtiun uf nutntlnts 
dnd ykidh Ih larger; tliertfon::, naErunWEde 
tiUpluTiitiunuf PA IS tieCuniing mOrt- 
cummunjrtiitin, UDDU), 

HE^9E^<irch pru]fc:t:ts In Iht: W-nthtirn 
Gr^dt Plains aii: illuStTiillngthi: usufulrc^s 
ufPAddopCjun Lnthjs rtgiOn. A Monti na 
KLJdyoth;irdrt:dapr]ng|HRSl whtidt 
ihOrt'fcldthat tnore prtcifce tJ applnJblioni 
c:an SignjflLantK' tsnh^ivi: CFup Lluiility 
iLungttdl.. ;iDDa).HtMt\*irUii 
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rvH^druhtrnfurlhiir iho^veJthatPA 

wTll nul be etrunLimLira II V viable lunioit 
pRxIuLHzr* tn thy Nurthtrni Grtiil Pldini 
unLLl ttwrt art! muni triuntiUiry imrLintJvtJ 
iTjfgRwingiibrjvt-iiwri©^ ijuaJltyerupi. 

Monlana and Wvomisg 

TTie Internal provkhfi a numtCr 
uf llnki tu Innjrrruiiun- iiuorsts, 
and ajnlacls CunCirrnin^ nutritnl 
managenHrnl Itttmulugic*. Lirik^ lo 
the fuLIUh^'ing rviuut\tjiiinr listtid in the 
AppirnJix, The Eiilh ubk-rvinfi Syiltm 
(EUS) offers link* lu CIS ^-orfcihupi 
and unlint Cuurkri. Anuther ivSuLirCtf 
is the Prtclsiun j^gritoltunr Rb!at^4irch 
AiSLCiabun iPAKA). a gnjLipufMunliania 
rvh^druhtTi UnJ priAlLKcra thut t^Xplurir 
PAflpp|iL"iliuni frum bjth artitiiin^hLinJ 
LLFicipplitjiL p^rspuctiw. This tit\d vS^vi 
dCiimpRhcnsKf Overview o£ CPS arul 
CIS Lii^trll Ji linki liia nurntcrufirihcr 
helpful iLiti. In Wi-ufnir^, the OtLerdphii: 
Inlbrnutjun Sirience CenUr jWyOlSCf hat 
ihijrt UPS ttnlnLr^cuurh^&iind d^'tibslte 
^I'lth links tu^ numtcrul reHMit^tj^^nil 
InlTjrmtitLun, 

Chooiiii? Tet}ailog)r 

Tb^ CUrnrdilUn of rtCilnt ttthnbloglKB 
makti choosing Ihotf nuiit :ipr*^jpn:Hii 
fijra S|s:cift: optfrdtiundLfliiiiJlt ihtre 
are a nLirabtfrofcunKJJer^bc^t, IncluJlng 
ctirapibbiliti'Of ttjib^'Jirii dnJ hisrJh^'Jir*i. 
Iht ntretl ftjr this ttehnLiluey, the tirot 
\iJLi'rt: inlerthltti imJumrmning dndeosl 
Suftv^'are and hanlware Cunipdtjbil]t>' di 
WEillasntEitl, ^irttiiUlyiOHttluin thrix^h 
E^tEuubr^yourStsirprhOrlupun^haKe (th: 
IntiirnetibJigi^dliic^hrtLjdnJ^akang 
i^LitLribunlwhdncltiChclin^wltittu purchiiuL. 

C!uKt]5 iz^rhiapi IhiL nRnt Empurtint 
L^nJsidti ration whdn tlfcicitlinfi wlstrtbtr Or 
not lu use: nevj ttehnLiluglEiH. M^inyuf Iht 
atf^jnetnientH ]rLnutnent miind^mi^nt 
artr dffutilabkr and d^t^siiblti^ct^rtdhnEy iht 



InltmetlionesoLrrtfDti^asjtyae^^i^iJ, 

lOhV-fliit [nlHTTlilllLJn. Om i^KiimplL! ijf 

thii IX Iheupbunijf Lk^'nlu^in^ tht^ 
ClSiijfh^'iin: An:ExpkjRTfRjm thy 
InHrmrl <http://vi'ww.yiri,i:ijni/H_rftvi'iin!/ 
cln:c^pJunir). The* pmgrtm ]i miire 
llmityiLthdn AixView In iti L~:ipiibl|Lt]yi, 
bul n n gcoJ pliuiL! tu i1ij[t\i'lthGJS. 

SOhK ttiChnulL^LiriSlllJ rutrumuutiiik 
ofTTiostbuiJ@rt&Hi^iptri:LaJLyliJr&nia]ter 
op^nalLuns. TuhirJp mmitnlzt! coils, one 
fxjiilbillty IS tuLlumbinL tf&jrts with 
ntifihlxjringftinntifi. ruryxiimp]t. RSof 
^vvriil farms wj II Ik fe^sexixniive Ihan Lf 
tieh farm jnJL![xnilt:ntlyj]dyi &jr Imagery. 
Anuthtr way Hiaffijfd Itirhnuluglys Is tu 
wurk with torn [Mnitiindiunsultinti hj 
tailuf iyiti^mt th^E^n^ must ht' lph.il jnJ 
cLffunJuble lijr Hn uperanun. La illy. i1 ]i 
impurtflntlunrniLimtcrthdt [hn Cuits 
uftTiuStlLichnulLfiLirJ vaty greatly. Fur 
inibiniTti. rei:nr4il]un:jlgriuk OPS rfiCeh-eri 
srjrl al flbuut MlJIJ anJ i?i;PS units wrth 
Sub-^drJ LiL:CundL> rlin^ frum |'i,500- 
t5,UUU, UtipinilLr^un fcaturt*. .^In, 
tvi:oniingeJi.k:dbjd dbuut leehi^ulugJLi 
and prcLti tciunr buyjngjs L'ritltal. 

sranaiy 

llchnc^^iciil ad^^Tict^^ In Eht: p^ti 
di^c^di: h^\ft CKiktt\l ntrvi' OppOrlunjtH^b 
for input rail nugd mi: ntunfiirms Thti 
|x:>SiibilElyoruSLng imager taken front 
SptiLliL lOmiinijgL: (itflil VarlabihhMSjull 
one oftht! rticenlthiinge^ ln^gri[:u1tur4iH 
IjitXftnuve and useful Itschnul^it^^ Auch 
asCPScJinhelp^iLEhninMruus^specli 
i^nuUitntniiiniigdmilnL At leLhnnlugitS 
iJOnbnue tuimprovt Ihtywill htcunie 
mure uk^r-lrLtlndlydnd IneXpenSut. 
Di^wlupmtnta jntechnoloni'Jire occurring 
t:\'ery day. and the pu^Jlbihtitrs for The 
futuR jrt numtruus. Tor tmm', the tcttom 
Iliml Is lumlake an tlducjlt^tl decision about 
wliethej" the bentfili In mandgtrmtint 
Impruvtiruenloutwel^ Ihti tinitr and 
mOntCirj' Cu^ta of ImpltrrKnting new 
techr^logiet. 
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